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AERONAUTICAL SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 
Length ____ _ 
Time ____ __ _ 







meter ___________________ _ 
second __________________ _ 







foot (or mile) ___ __ ___ _ 
second (01' hour) ______ _ 
weight of one pounci __ _ 
Symbol 
ft. (or mi.) 
scc. (or hr.) 
Jb. 
PoweL____ _ P kg/m/s _____ ______________________ __ horsepowcL _________ _ 
Speed _______ _______ __ {km/hL___________________ k. p. h. mi./hr. --------------
bp 
m/s _________________ _____ m.p. s. ft ./sec. _____________ _ m. p. h. f. p. s. 
2. GENERAL SYMBOLS, ETC. 
W, Weight, = mg 
g, Standard acceleration of gravity = 9.80665 




p, Density (mass per unit volume). 
Standard density of dry air, 0.12497 (kg_m-4 
S2) at 15° C and 760 mm=0.002378 (lb.-
ft .-4 sec. 2). 
Specific weight of "standard" air, 1.2255 
kg/m3 = 0.07651 Ib./ft.3 
m7c2, :\loment of inertia (indicate a...a.s of the 
radius of gyration, 7c, by proper sub-
script). 
S, Area. 
Sw, Wing area, etc. 
0, Gap. 
b, Span. 
c, Chord length. 
ble , Aspect ratio. 
j , Distance from C. G. to elevator hinge. 
p" Coefficient of viscosity. 
3. AERODYNAMICAL SYMBOLS 
V, True air speed. 
q, Dynamic (or impact) pressure=~ p V2 
L, Lift, absolute coefficient OL= :s 
D, Drag, absolute coefficient OD=:S 
0, Cross-wind force, absolute coefficient 
o 
OC=qS 
R, Resultant force. (Note that these coeffi-
cients are twice as large as the old co-
efficients L c, Dc.) 
~D' Angle of setting of wings (relative to thrust 
line). 
it! Angle of stabilizer setting with reference to 
thrust line. 
'Y , Dihedral angle. 
Vl 
p - , Reynolds Number, where l is a linear 
p, dimension. 
e. g., for a model airfoil 3 in. chord, 100 
mi./hr. normal pressure, 0° C: 255,000 
and at 15° C., 230,000; 
or for a model of 10 cm chord 40 mis, 
corresponding numbers are 299,000 and 
270,000. 
011 , Center of pressure coefficient (ratio of 
distance of C. P. from leading edge to 
chord length). 
(3, Angle of stabilizer setting with reference 
to lower wing, = (i,-iUl ). 
a, Angle of attack. 
f, Angle of downwash. 
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THE EFFECT OF REDUCTION GEARING ON PROPELLER-BODY INTERFERENCE 
AS SHOWN BY FULL SCALE WIND TUNNEL TESTS 
By FRED E. WEICK 
SUMMARY 
Full-scale tests have been made in the Propeller Re-
search Tunnel of the National Advisory Committee for 
Aeronautics, on a 10100t 5-inch propeller on a geaTed 
J -5 engine and also on a similar 8100t ll -inch pro-
peller on a direct-d7'ive J -fj engine. Each p7'opeller 
was tested at two d~fferent pitch settings, and with a large 
and a small fuselage. The investigation was made in 
such a manner that the propeller-body interference 
factors were isolated, and it was found that, conside?'ing 
this interference only, the geared propellers had an 
appreciable advantage in propulsive efficiency, paTtially 
due to the large?' diameter oj the propellers with respect 
to the bodies, and partially because the geared propellers 
were located farther ahead oj the engines and bodies. 
INTRODUCTION 
The question of the desirability of reduction gear-
ing between an aircraft engine and its propeller is 
involved, because of the many factors which must be 
considered. Some of these factors are (1) the relative 
tip speeds and the resultant effect on the propeller 
efficiency, (2) the loss of power in the gears, (3) the 
weight of the propeUer and gearing, (4) the effect of 
the limiting propeller diameter or of possible differ-
ences in landing-gear height, (5) the effect on the 
propeller efficiency of change of pitch, and (6) the 
effect of the propeller-body interference on the pro-
pulsive efficiency. This report describes experiment!O 
which isolate and give some practical information on 
the last of these factors, the effect of propeller-body 
interference. 
A standard 10.5-foot aluminum-alloy propeller with 
detachable and adjustable blades was tested at two 
pitch settings and on two different bodies (a cabin 
fuselage and a smaller open cockpit fuselage), with a 
geared J-5 radial air-cooled engine having conventional 
cowling. The results are compared with those of tests 
on geometrically similar direct-drive propellers tested 
with the same engine and fuselages . 
.All of the tests were run at medium tip speeds or 
under, where the effect of tip spee,d on the aerodynamic 
coefficients of the form of propeller used has been 
found to be negligible. (Reference 1.) All of the 
other factors, 'excepting the propeller-body inter-
ference, have been eliminated. 
The tests were made in the Twenty-Foot Propeller 
Research Tunnel of the ational Advisory Oommittee 
for Aeronautics, at Langley Field, Va, (Reference 2.) 
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FIGURE I.- Metal blade 10.5·foot diameter propeller. Right-hand No. 4102 
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7.53 1~1~ 3.74 
The chord is divided into 10 equal parts, or stations, with the one at the leading edge subdivided into halves and quarters. 
S equals stations in per cent of chord from the leading edge. 





10 lip :.. .86" , Curve oTmoximum thickness 
FIG URE la.-Metal blade 9.0-loot diameter propeller. Rigbt-hand No. 4412 
ORDINATES OF SECTIO S AT VARIOUS RADII FOR EXPERIME TAL METAL PROPELLER BLADE 
9.0 feet diameter, right-hand. (Fig. la) 
-
10/1 l' 12/1 r 1 1/ l' 24/1 r 30" l' 36" l' 42/1 l' 48" l' 51/1 l' 
Upper Lower Upper Lower Upper Upper Upper Upper Uppcr Upper Upper 
- -
-----
I nches Inches I nches 
0. 16 0.11 O. 07 
.24 
· 15 .11 
.32 · 21 · 14 
.38 _ 25 · 17 
.40 .26 · 18 
.40 .26 .18 
.3 .25 .17 
.35 .23 · 16 
.30 _ 19 _ 13 
.22 
· 15 _ 10 
. 14 .09 .06 
Inches Inches I nches Inches Inches Inches Inches I nches 
2.5 O. 61 O. 25 O. 56 0.11 O. 44 O. 35 0.28 O. 23 
5 7 .39 0 · 16 . 64 . 51 . 41 .33 
10 1. 17 .52 1. 07 · 21 .85 .68 .55 . 44 
20 1. 41 .63 1. 29 .26 1. 03 2 .66 . 53 
30 1.4 .66 1. 36 .27 1. 0 .86 .69 .56 
40 1. 47 .65 1. 35 .27 1. 07 5 .68 .56 
50 L 41 .63 1. 29 .26 1. 03 .82 .66 .53 
60 1. 29 .57 1. 1 . 24 .94 .75 .60 .49 
70 1. 10 .49 1. 01 .20 0 . 64 . 51 .42 
80 3 .37 .76 · 15 . 61 .4 .39 . 31 
90 .52 .23 .48 .09 .38 .30 .24 .20 
-'-- --
.03 .02 .02 
.04 .03 .02 Rad. T. E. 
O. 1 O. 14 . 08 .07 . 05 .04 
Rad. L. E. .64 .30 .11 .09 .07 .06 
Chord 6. 27 6. 54 7.12 I 7·~1 7. 07 6. 45 5.42 4_ 05 I 3. 31 
5 
The chord is divided into 10 equal parts, or stations, with the one at the leading edge subdivided into halves and quarters. 
S equals stations in per cent of chord from the leading edge. 
6 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
APPAR ATUS AND METHODS 
The propellers used were of the detachable-blade 
type, having solid aluminum alloy blades held in a split 
steel hub. The blades of the 10 . 5 -foo~ geared propeller 
were made according to the drawing in Figure 1 ( avy 
de ign o. 4102), and the blade form is given by the 
curves of Figure 2. The smaller direct-drive propeller, 
Figure 1a (N avy design J o. 4412) was geometrically 
similar, but only 9 feet in diameter. The steel hub, in 
order to save weight, had been made 1 inch shorter 
than that for which the blades were designed, and so 
. 07 .28 
V 
.06 .c4 
.05 .20 1\ 
~ 
revolutions are unimportant, and the results should be 
taken as applying to a gear reduction of 3 to 2. 
The fu elages are shown in Figure 3, 4, 5, and 6. 
With the geared engine the propeller was located 7.5 
inches farther forward of the cylinders than with the 
direct-drive engine of the same model. T he maximum 
cross- ectional area of the large fuselage wa 21.3 
square feet, and that of the open fuselage was 11 square 
feet, or approximately half as great. The engine, in 
both case, was mounted on an inclosed dynamometer 
for measuring the torque of the propeller . 
I. 4 
b 
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FIGURE 2.-No. 4412 and 4102 propeller blade form curvCll. D=diameter, b=blade width, h=blade tWckness, 
p=pitch, R=tip radius=DJ2, r=radius 
the propellers as tested actually had diameters of 
10 feet 5 inches, and feet 11 inches. The propellers 
were tested at two pitch settings, 15.5° and 23.5° at 
three-fourths of the tip radius. The pitch distribution 
with each etting is shown in Figure 2. 
The geared propeller was tested on a 9-cylinder, 
200 horsepower Wright "Whirlwind" J -5 radial air-
cooled engine with 2 to 1 reduction gearing. The 
direct-drive propeller was tested on a similar engine 
without the reduction gearing. One test was also 
made with the 10-foot 5-inch propeller directly driven. 
The -foot 11-inch direct-drive propeller absorbed 
the full power of the engine at normal revolutions, but 
the 10-foot 5-inch propeller did not absorb the full 
power at normal engine revolutions as geared to run at 
one-half engine peed. The 10-£00t 5-inch propeller 
is approximately the correct size for a gear reduction 
of 3 to 2 in tead of 2 to 1. Since the propeller char-
acteri tics are given in terms of coefficient, the exact 
The propeller torque a measmed included the torque 
on the cylinders due to tho rotational velocity of the 
lip tream. In order to correct for this effect a special 
test wa made in which three J-5 cylinders complete 
with valve gear were mounted under the front portion 
of a water-cooled Wright E-2 engine on a VE-7 fu e-
lage in the Propeller Research Tunnel. (Fig. 7.) 
The cylinders were in the same position relative to the 
propeller as on a J- 5 engine. The middle cylinder 
only was supported in such a way that its torque about 
the engine axis could be mea med. The torque on 
the middle cylinder was then found for various engine 
and air peeds, and the results have been used to apply 
a correction to the propeller torque, amounting to 
less than 1 per cent in the case of the geared propeller, 
but as much as 3 per cent with the direct-drive 
propeller. 
The re ultant horizontal force of the propeller-body 
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FIGURE 4.-Cabin fuselage witb direct-dri ve J-5 engine 
r-------;-----...,-,; 
-\---- ~ - - -+ 
!-- -I-------l~ L-48'~ 
Section D-D 
NOTE.-With geared engine, nose was pointed and propeller was 7~ inches farther forward 
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FIGURE 5.- 0pen cockpit fuselage with geared J-5 engine 
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was measured on the regular thrust balance. (Ref-
erence 2.) This resultant horizontal force R, may be 
FIGURE 7.-J-5 cylinders mounted on E-2 engine for slip 
stream torque tests 
thought of as being compo ed of three horizontal 
components, such that 
R=T-D-b.D 
where 
T= the thrust of the propeller while operating in 
front of the body (the tension in the pro-
peller shaft). 
D = the drag of the airplane alone (without pro-
peller) at the same air velocity and density. 
b.D = the increase of drag of the airplane with 
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F IGURE .-Geared propeller Xo. 4102 (15.5° at 0.75 R). Diameter 
10 feet 5 inches on open cockpit fuselage 
In order to obtain the propulsive efficiency, an 
effective thrust is used which i defined as 
Effective thnl t = T - b.D 
= R+D. 
76 44-30--2 
The propul ive efficiency i then the raLio of the 
u eful power to the input power, or 
enective thrust X velocity 
of advance Propulsive efIiciency= ----;-.::..::...-=.::~=-:.-=----input power 
This includes the in rea e in drag of all partg of the 
airplane affected by the lip stream, and also the eHecL 
of the body interference on Lhe propeller characLcr-
tics. 
RESULTS 
The ob erved data point fol' each of lhe foul' tegig 
w.i th the geared propeller and the five tests wiLh the 
Cr 
I---- -~ 7] 
~ .,..~-- p-"" xx-;;-x", ./,.t' r x bN< 
"'~/ I~ \ 
./0 !.O 
.08 .8 
Cp / ~ 1\ 
L ........ ~~ '\ .06 6 
.OE 
/ ~ \ 
I ,~ 
/~ ~ t 
L \ t\ 
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o I :\ o 




FIGURE g.-Geared propeller 0.4102 (23.5° at 0.75 R). 
on open cockpit fuselage 
Diameter 10 feet 5 inches 
direct-drive propellers are given in Figures 8 to 16 
and in Table 1. They are reduced to the usual coeffi-
cients of thrust, power, and propulsive efficiency. 
A _ effective thrust T- pn2D4 
a _ input power 
p- pn3D6 
effective thrust X velocity of advance 
TJ = input power 
where D is the propeller diameter and n represents the 
revolutions per unit time. Since the coefficients are 
dimensionless, any homogeneous system of units may 
be u ed . 
The direct-drive and geared propellers are compared 
in Figures 17 and 18. The comparisons are made 
between geometrically similar propellers, so that the 
effect of body interference only is considered. (In a 
case where a geared propeller is substituted for a 
direct-drive propeller, both absorbing the same power 
at approximately the same forward speed, the pitch 
ratio of the geared-down propeller is, of course, 













































FWURE 1O.-Geared propeller No. 4102 (15.5° at 0.75 R). Diameter 
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FIGURE 12.-Direct-drive propeller No. 4412 (15.5° at 0.75 R). Diameter 
8 feet 11 inches on open cockpit fuselage 
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FIGURE 13.-Direct-drive propeller No. 4412 (23.5° at 0.75 R). Diameter 8 feet. 11 inches 
on open cockpit fuselage 
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F IGURE l4.-Dlrect-drive propeller No. 4412 (15.5° a t 0.75 R). Diameter 
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FIGURE lB.-Direct-drive propeller No. 4lO2 (15.5° a t 0.75 R). 
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F IGURE 15.- Dil'ect-dr ive propeller No . 4412 (23.5° at 0,75 R) . Diameter 8 leet 11 incbes 
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FIGURE l7.- Comparison of geared Bud d irect-drive propellers on open cockpit fuselage 
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. / 0 
higher, which glves it an additional I1dvftntftge in 
efficiency. ) 
DISCUSSION 
With the small fuselage, the maximum efficiencies of 
the low and high pitch geared propellers were 7.5 per 
cent and 6.5 per cent higher, respectively, than the 
maximum efficiencies of the similar direct-drive pro-
pellers. With the large fuselage the maximum effi -
ciencies of the geared propellers were 4 per cent and 
3.5 per cent greater. 
V The value of nD for zero thrust was about 5 per cent 
greater for the direct-drive than for the geared pro-
pellers with the small fuselage and about 8 per cent 
with the large fuselage. In all cases, the power and 
thrust coefficient curves were found to be higher for 
the direct-drive propellers than for the geared. 
The lO-foot 5-inch propeller (No. 4102) which was 
used in the tests with the geared engine has also been 
tested on a similar direct-drive engine in the small 
fuselage. (Reference 3.) This test makes possible an 
~ ~ 4 1b2, JeorJd J 
~ h 
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interesting comparison showing what part of the gain 
in efficiency with the geared propellers was due to the 
difference in the relative size of the propeller and 
body, and what part was due to the forward position 
of the geared propeller. The coefficiencts for the 10-
foot 5-inch propeller, both geared and directly driven, 
are shown in Figure 19. The maximum efficiency of 
the geared propeller, which is 7.5 inches farther for-
ward with respect to the engine, is 4 per cent higher 
than that of the direct-drive propeller. (This same 
effect could be obtained by lengthening the crank 
shaft and nose of the direct-drive engine.) Thus, of 
the total difference of 7.5 per cent between the maxi-
mum efficiencies of the 10-foot 5-inch geared propeller 
and the 8-foot l1-inch direct-drive propeller, about 
half is due to the larger diameter of the geared propeller 
and about half to its location farther forward. 
It should be remembered that, although the actual 
gear ratio was 2 : 1, the lO-foot 5-inch propeller was 
not large enough to absorb the full engine power at 
that gear ratio, and the propeller-body interference 
effects shown by these tests are correct for a gear 
ratio of approximately 3 : 2. 
CONCLUSIONS 
1. The maximum efficiencies of the lO-foot 5-inch 
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FraUR€ 19.-00mparison of propeller No. 4102 (15.5° at 0.75 R)· 
Diameter 10 feet 5 inches, geared and direct drive, on open cockpit 
fuselage 
to 7.5 per cent greater than those of the similar 8-foot 
ll-inch direct-drive propellers, these differences repre-
senting the effect of propeller-body interference only . 
2. The differences in t·he efficiencies of the geared 
and direct-drive propellers were greater with the small 
fusel!1ge. 
3. With the small fuselage and the low-pitch pro-
pellers, about half of the difference between the 
maximum efficiencies of the 10-foot 5-inch geared 
propeller and the 8-foot ll-inch direct-drive propeller 
was due to the relative sizes of the propellers with 
respect to the body, and about half to the farther 
forward position of the geared propeller. 
LANGLEY MEMORIAL AERONAUTIOAL LABORATORY, 
NATIONAL ADVISORY COMMITTEE FOR AERO-
NAUTICS, 
LANGLEY FIELD, VA., March 20,1929 . 
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V p m . p. h. 
O. 002288 83.0 
.002288 83.6 
.002288 83. 4 
.002288 83. 2 
.002288 82. 8 
.002280 83.0 
.002280 82.5 
.002280 82. 2 
.002280 82. 0 
.002280 81. 
.002280 81. 6 
.002280 81. 3 
.002280 81. 3 
.002280 1.0 
.0022 0 78. 4 
.002280 79. 2 
.002283 75. 1 
.002283 75. 4 
. 002283 71.6 
.002283 71.5 
.002283 68. 6 
.002283 69. 4 
.002286 65. 2 
.002286 65.6 
.002286 62.0 
. 002286 63. 0 
. 002286 58. 0 
.002286 58. 2 
. 002286 19. 6 
. 002286 19.9 
TABLE I 
OBSERVED DATA 
Geared Propeller No. 4102 (15.5° at 0.75 R) 
N 































Diameter, 10 feet 5 inches 
On open cockpit fuselage 
Q T Cr lb . ft. lb. 
316 252 O. 0270 
316 253 .0272 
285 224 .0252 
261 199 .0232 
243 182 .0224 
211 147 .0191 
186 121 . 0164 
162 96 . 0138 
134 70 .0106 
115 56 .0089 
93 32 .0054 
66 10 .0017 
48 -6 -.0011 
31 -23 -.0046 
339 284 . 0309 
344 288 .0310 
361 317 .0350 
360 317 . 0350 
378 344 . 0381 
378 342 .0378 
397 373 .0413 
398 371 .0410 
416 404 .0446 
416 404 .0446 
425 430 .0470 
423 416 .0459 
441 466 . 0515 
427 443 .0499 
491 749 .0828 
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Geared propeller No. 4102 (23.5° at 0.75 R) 
Diameter, 10 feet 5 inches 
On open cockpit fuselage 
N Q T CT I r . p. m. lb . ft. lb. 
--
1,015 705 507 O. 0662 
1,015 705 502 .0657 
1,015 686 477 .0624 
1,015 688 484 .0634 
1,045 725 509 .0628 
1, 050 720 512 .0626 
1,060 741 525 .0629 
1,060 741 529 .0635 
1, 100 707 476 .0533 
1,100 707 483 .0539 
1,075 669 446 .0525 
1,040 611 397 .0499 
1,025 578 365 .0474 
990 523 321 .0444 
970 486 291 .0420 
940 430 245 .0377 
915 380 212 .0345 
885 329 172 .0298 
850 262 129 .0242 
820 214 102 .0207 
800 172 70 .0148 
775 130 49 .0110 
750 108 32 .0077 
725 57 2 .0005 
1,015 723 546 .0720 
1,015 723 544 .0717 
625 103 39 .0130 
585 51 6 .0022 
575 33 -6 -.0023 
1,100 933 753 .0810 
1,100 933 749 .0806 
1,100 944 787 .0840 
1, 100 941 781 .0840 
1,100 955 805 .0865 
1,100 954 799 .0860 
1, 100 958 821 .0885 
1,100 958 811 .0875 
1, 100 974 938 .1005 
























.0298 1. 009 
.0261 1. 040 
.0221 1. 070 
. 0177 1. 105 
.0157 1. 141 





.0204 L 100 
.0117 L 178 









. 0629 .182 














































THE EFFECT OF 
V p m. p. h. 
O. 002324 80.0 
.002324 80.6 
.002324 81. 3 
.002316 81. 6 
.002316 82.6 
.002316 82. 7 
.002316 83. 3 
.002316 83.3 
.002316 77.1 
.002316 74. 5 
.002312 74.2 
.002312 74. 0 
. 002312 71.0 
.002312 70.6 
.002312 67. 8 
.002312 67. 8 
.002315 64. 0 
.002315 63. 8 
. 002315 60.4 
. 002315 58. 8 




I p m. p. h. 
--
0.002324 82.1 
.002324 84. 5 




.002313 91. 4 
.002313 91. 4 
.002307 102. 9 
.002307 102.8 
.002307 103. 1 




.002292 102. 4 
.002292 102.1 
.002292 102.1 
.002292 101. 9 
.002292 101. 8 
.002292 101. 5 
.002292 101. 3 
.002292 101. 1 
.002285 101. 1 
.002285 101. 2 
.002294 80. 2 
.002294 80.1 
.002297 74.4 
.002297 74. 6 






.002300 61. 5 
.002300 58.1 
.002306 21. 6 
.002306 21. 0 
REDUCTION GEARING ON PROPELLER-BODY INTERFERENCE 
TABLE I-Continued 
Geared propeller No. 4102 (15 .5° at 0.75 R) 
Diameter, 10 feet 5 inches 
On cabin fuselage 
N Q T CT Cp r. p. m. lb. ft . lb. 
847 81 21 O. 0038 0. 0089 
880 107 25 .0042 
910 131 73 .0116 
925 142 77 .0119 
967 184 113 I . 0159 977 198 131 . 0181 
1,012 227 154 .0198 
1,012 228 152 .0196 
1,002 268 200 .0263 
1,002 271 202 . 0266 
1,002 292 226 .0298 
1,005 293 235 .0308 
1,002 302 248 .0326 
1,000 303 249 .0329 
1, 002 329 282 
I 
.0372 
1, 007 331 282 .0368 
1, 007 352 311 .0405 
1,005 353 312 .0409 
1, 000 356 328 .0434 
995 356 334 . 0447 
1,100 459 454 .0496 
850 302 442 .0805 
I 
Geared propeller No. 4102 (23.5° at 0.75 R) 
Diameter, 10 feet 5 inches 
On cabin fuselage 























557 7 - 18 - 0.0076 0.0017 
1, 100 931 678 .0736 .0610 
1,002 933 511 .0669 . 0577 
1,007 738 512 .0664 .0575 
1,012 716 483 .0623 .0558 
1,010 715 483 . 0627 .0559 
1,002 671 437 . 0575 .0535 
1,005 674 439 . 0575 . 0534 
1,000 583 345 . 0458 . 0466 
1,002 588 352 .0465 .0470 
1,072 719 452 .0520 . 0498 
1,055 687 426 .0509 .0496 
1,032 648 392 .0489 .0488 
1, 000 573 340 .0453 .0459 
980 530 311 . 0430 .0442 
945 470 263 .0393 . 0425 
920 393 224 .0353 . 0374 
910 387 206 . 0332 . 0377 
875 321 169 .0294 .0339 
860 295 153 .0277 . 0320 
820 232 114 .0226 .0277 
785 178 70 .0151 .0233 
750 109 27 .0064 .0155 
720 67 4 .0010 .0104 
700 27 -17 -.0046 .0044 
1,000 724 521 .0695 . 0582 
1,000 725 519 . 0693 . 0581 
945 650 472 .0706 .0586 
950 652 476 . 0704 .0580 
930 634 469 .0725 . 0590 
930 634 471 .0729 . 0590 
900 599 441 .0726 .0598 
900 599 447 .0737 .0598 
877 563 435 . 0754 .0585 
857 541 407 .0736 . 0592 
905 628 484 .0787 .0615 
902 628 501 .0820 .0618 
980 762 730 .1008 .0635 
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Direct-Drive Propeller No. 4412 (15.5° at 0.75 R) 
Diameter, 8 feet 11 inches 
On open cockpit fuselage 
N Q T CT Cp r . p. m. Jb. ft. Jb. 
1, 750 579 646 O. 0525 O. 0332 
1,710 542 591 .0505 .0327 
1, 705 524 562 .0484 . 031 
1, 690 519 555 .0488 .0322 
1, 680 513 551 .0490 .0322 
1, 685 516 556 . 0494 .0322 
1, 690 516 559 .0492 .0320 
1, 750 550 582 . 0476 .0318 
1, 750 545 572 .0469 . 0314 
1, 765 561 586 .0474 .0319 
1, 760 555 575 .0468 . 0317 
1, 750 547 558 .0460 .0318 
1, 750 541 554 .0452 .0315 
1, 810 529 511 . 0394 .0290 
1, 805 528 514 .0398 .0290 
1, 750 485 457 .0378 . 0282 
1, 700 444 409 . 0358 .0274 
1, 650 396 350 .0324 .0260 
1, 595 344 291 .0289 .0241 
1,550 318 261 .0274 . 0236 
1,500 265 210 . 0236 .0210 
1, 455 233 175 . 0210 .0196 
1, 390 200 138 .0181 .0185 
1, 355 165 100 .0138 .0160 
1, 290 119 56 .0085 . 0127 
1, 240 87 23 .0038 .0101 
1,200 63 3 .0005 .0078 
1, 100 7 -47 -.0098 .0010 
1, 175 49 -11 -.0020 .0063 
1,760 579 666 .0545 . 0332 
1, 750 566 637 .0525 .0330 
1, 705 538 599 .0521 .0330 
1, 705 536 601 .0524 .0328 
1,705 549 645 .0561 . 0336 
1, 700 542 621 .0545 .0334 
1, 675 540 655 .0591 .0344 
1, 670 535 649 .0589 .0342 
1,660 541 688 .0632 .0350 
1, 645 533 666 .0624 .0350 
1, 600 519 859 .0845 .0360 



























































. 7 2 
. 769 
































THE EFFECT OF REDUCTION GEARING ON PROPELLER-BODY INTERFERENCE 
V p m. p. h. 
I O. 002294 84. 9 
. 002294 84. 9 
. 002287 88. 0 
.002287 88.7 
I .002287 91. 4 . 002287 91. 7 
.002284 93. 4 
I 
.002284 93. 6 
.002281 105. 2 
.002281 I 104. 6 
. 001273 104. 9 I 
.002273 103.5 I 
.002273 103. 4 
. 002273 I 103. 4 
.002273 102.7 
.002273 102. 7 
. 002273 102. 3 
. 002265 102.1 
. 002265 102.1 
. 002265 101. 9 
. 002268 101. 9 
.002274 83.0 
.002274 83. 2 
.002274 79. 3 
.002274 79.2 
.002274 79.1 
.002277 76. 2 
. 002277 76. 2 
. 002277 73. 1 
. 002277 72. 3 
.002277 69. 4 
. 002277 69. 9 
. 002280 66. 4 
. 002280 67. 8 
.002280 65. 5 
.002280 65. 7 
. 002289 18. 
. 002289 19. 2 
TABLE I-Continued 
Direct-drive propeller No. 4412 (23.5° at 0.75 R) 
N 






































Diameter, 8 feet 11 inches 
On open cockpit fuselage 








575 473 .0706 
563 462 . 0709 




576 461 . 0680 
565 450 .0670 
575 430 .0589 
561 426 .0592 
519 I 37 .056 469 334 . 0533 
429 I 299 .0512 381 255 I .0467 329 211 .0422 
270 166 .0371 
203 117 .0294 
155 82 .022 
115 55 . 0171 
70 25 .0086 
28 - 2 - .0007 
585 501 .0751 
571 481 .0742 
567 495 .0770 
551 471 . 0755 
539 460 .0745 
544 478 . 0774 
537 467 .0762 
558 498 .0805 
546 489 .0805 
558 511 .0826 
543 499 .0826 
552 517 .0842 
539 495 . 0826 
540 507 .0838 
533 501 . 0849 
530 554 .0975 






























































































































































111. p. h. 
T ABLE I- Continued 
Dircct-dri vc propcLlcr No. 4102 (15.5° at 0.75 R) 
Diametcr, 10 fcet 5 inche 
N 
r. p. m. 

























































1, 2 0 
1, 250 






1, 1 5 




























































































































































































FIr AL ADJ llHTED COEFFICIENT~ 
Gcarcd propcllcr o. 4102 (23.5° at 0.75 ll) 
Diametcr, J 0 fcct 5 iJl ches 

















Diamctcr, 10 fcet 5 in chc ' 
On opcn cockpit fuse lagc 
Cr 



















































. 9] 2 
1. 025 
l. 14 

































































. 041 4 
. 0365 










































































Diameter, 10 feet 5 inches 
On cabin fuselage 
CT I Cp 1/ 
-
O. 0841 I O. 0332 O. 254 .0 09 .0333 .364 
.0770 .0332 .464 
.0725 .0330 .549 
.067 .0329 .61 
.0625 .0326 .670 
.0570 .0320 .712 
.0511 .0308 .746 
.0450 .0290 .775 
.0390 .0270 . 795 
. 0329 .0245 06 
.0260 .0211 .802 
.0189 .0172 .770 
. 0111 .012 . 650 

















'- -- -- --
Geared prol elJer No. 4102 (23 .5° at 0.75 R) 
Diameter, 10 feet 5 incbc 
On cabin fuselage 
y 
nD 
C7, Cp 1/ Cs 
--- -
0.10 O. 1016 0.0638 0.159 0.1733 
. 15 .1009 .0635 .23 .260 
.20 .1000 .0634 . 316 . 347 
.25 .09 9 .0632 .391 .434 
.30 . 0970 .0630 .462 .522 
. 35 .0949 .0629 .52 .609 
.40 .0921 .0627 .587 .697 
.45 .0890 .0622 .644 .785 
.50 .0 56 .0620 .690 .873 
.55 .0819 .0618 .729 .960 
.60 . 0771 .060 . 761 1. 050 
.65 .0720 . 0593 .790 1. 144 
.70 .0666 .0576 .810 1.239 
.75 .0605 .0546 29 1. 342 
.80 .0540 .0514 .840 1. 450 
.85 .0476 .0475 53 1. 563 
.90 .040 .0426 .860 1. 691 
.95 .0340 . 0375 60 1. 32 
1. 00 .0272 .0321 .850 1. 98 
1. 05 .0204 . 0264 10 2. 17 
1. 10 .013 .0208 .730 2. 38 
1. 15 .0070 .0145 .555 2.68 
TABLE II-Continued 
Direct-drive propeller No. 4412 (15.5° at 0.75 R ) 
Diameter, 8 feet 11 inches 
On open cockpi . fuselage 
--
y CT I C
p Cs 
n J) 1/ 
O. 10 O. 0864 O. 0360 O. 240 O. 1945 
. 15 .0829 .0360 .346 .292 
.20 .0789 .0360 .438 .3 9 
.25 .0746 .0360 .518 .4 6 
.30 . 069 .0359 .5 2 .584 
.35 .0649 .0352 .645 .6 2 
.40 .0591 .0342 . 690 .785 
.45 .0539 . 0335 .723 6 
.50 .0478 .0318 .751 .996 
.55 .0412 .0294 I .770 1. 112 
.60 .0360 .0270 .778 1. 232 
. 65 .0279 .0236 .770 1. 376 
. 70 .0210 .0199 
I 
.739 1. 531 
.75 .0140 .0160 .656 1.711 
0 .0070 .011 9 .471 1. 941 
-
Direct-dri ve propeller 0.4412 (23.5° at 0.75 R) 
Diameter, feet 11 inches 
On open cockpit fuselage 
y C7' Cp Cs nD 1/ 
O. 10 O. 0971 O. 0650 0.149 O. 1726 
. 15 .0970 .0650 .224 .259 
.20 .0969 .0649 .29 .345 
.25 .0960 . 064 .370 .432 
.30 .0953 .0647 .441 . 519 
.35 .0941 .0644 .511 .605 
.40 .0921 .0642 .575 . 692 
.45 .0 98 .0640 . 631 .779 
.50 .0867 .0638 .679 65 
.55 . 0 30 . 0632 .722 . 955 
. 60 .0781 .0624 .751 1. 046 
.65 . 073 . 0616 .776 1. 13 
.70 .0682 .0598 . 799 1. 230 
.75 .0620 .0570 .816 1. 332 
. 80 .0559 .0541 .825 1. 432 
5 .0496 .0507 . 831 1. 546 
.90 .0433 .0469 .832 1. 660 ' 
.95 .0373 . 0427 . 829 1. 7 5 
1. 00 .03ll .0380 1 1. 922 
1. 05 .024 .0327 .797 2. 0 
1. 10 .0185 .0270 .754 2. 26 
1. 15 .0123 .0211 .670 2. 49 
1. 20 .0063 .0150 .505 2. 78 
,-------------~--------.~~~--------------------~----~----------------------------------
\ 
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TABLE II-Continued 
Direct-drive propeller No. 4412 (15.5° at 0.75 It) 
Diameter, feet 11 inchc 
On cabin fuselage 
V CT Cp Cs l nD '7 
O. 10 O. 0864 0. 0352 O. 245 O. 1953 
. 15 .0829 .0357 .34 .292 
.20 .07 9 .0360 . 43 .3 9 
.. 25 .0734 .0360 .510 .4 6 
.30 .0697 .0359 .5 3 .584 
.35 .0642 .0353 .636 .6 3 
.40 .0591 .0349 .677 .7 3 
.45 .0538 .0339 .714 5 
.50 .0476 .0322 .740 . 994 
.55 .0419 .0302 .762 1. 10 
.60 .0359 .0276 .778 1. 230 
.65 .0297 .024 .779 1. 361 
. 70 .0228 .0212 .751 1. 513 
.75 .0257 .0177 .696 1. 6 1 
.80 .0101 .0139 .5 0 1. 882 
.85 .00400 .0100 . 340 2.14 






































































































































Direct-drive propeller No. 4102 (15.5° at 0.75 R) 
Diameter, 10 feet 5 inches 
On open cockpit fuselage 
V CT Cp Cs nJ) TJ 
0.10 O. 0890 O. 0345 O. 258 O. 1960 
. 15 .0 50 . 0344 .370 .294 
.20 .0 05 . 0342 .470 .393 
.25 . 075 .0340 .556 .492 
.30 .0701 .0340 .619 .591 
.35 .0646 .033 .670 .690 
.40 .05 .0330 .712 .790 
.45 .0527 .0317 .74 96 
.50 .0465 .0299 .77 1. 00 
.55 .0400 .0275 .799 1. 12 
.60 .0332 .0247 06 1. 257 
.65 .0263 .0216 .791 1. 394 
.70 .0191 .0180 .743 1. 563 
.75 .0118 . 0138 .640 1. 765 
.80 .0042 .0091 .370 2.05 














Positive directions of axes and angles (forccs and moments) are shown by arrows 
Axis Moment about axis Angle Velocities 
Force 
(parallel Linear 
Sym- to axis) Designs.- Sym- Positive Designa- Sym- (compo-Designation bol symbol tion bol direction tion bol nent along Angular 
axis) 
LongitudinaL __ X X rolling ______ L y----. Z roll ______ <J> u p LateraL _______ y Y pitching ____ M Z----.X pitch _____ e v q NormaL ______ Z Z yawing _____ N X----. Y yaw _____ iT w T 
Absolute coefficients of moment 
L M 
CL = qbS CM = qcS 
IJ, Diameter. 
Pe, Effective pitch . 
Pg, Mean geometric pitch. 
p., Standard pitch . 
Pv, Zero thrust. 
pa, Zero torque. 
p/IJ, Pitch ratio. 
V', Inflow velocity. 
V., Slip stream velocity. 
Angle of set of con trol surface (relative to neu-
tral position), 8. (Indicate surface by proper 
subscrip t.) 
4. PROPELLER SYMBOLS 
T, Thrust. 
Q, Torque. 
P, Power . 
(If (( coefficien ts" are introduced all 
units used must be consisten t.) 
TI, E fficiency = T VIP. 
n, Revolutions per sec., r . p. s. 
N, Revolutions per minute, r . p. m. 
<P, Effective helix angle = tan-I (2:) 
5. NUMERICAL RELATIONS 
1 hp =76.04 kg/m/s=550 lb./ft./sec. 
I kg/m/s=0.OI315 h p 
I mi./hr. = 0.44704 m/s 
I m/s=2.23693 mi./hr. 
1 lb. = 0.4535924277 kg 
1 kg = 2.2046224 lb. 
1 mi. = 1609.35 m = 5280 ft. 
I m = 3.2808333 ft . 

